The bacterial bioluminescence system requires long-chain aldehyde in the light-emitting reaction (9). With purified luciferase, the reaction in vitro involves a mixed-function oxidation With Beneckea harueyi luciferase, the reaction functions well in vitro with aldehydes of different chain lengths, ranging from C14 to C18 (12) , whereas with luciferase from all Photobacterium species the rate of the reaction is maximum with the C14 aldehyde (10, 24).
Evidence concerning the aldehyde requirement in vivo comes from dim mutants which can be caused to luminesce at an intensity comparable to the wild type simply by exposure to long-chain aldehyde (3, 15, 19) . Such aldehyde mutants produce normal amounts of luciferase and are thus postulated to be defective somewhere in the pathway leading to aldehyde production.
It has recently been found that some (but not all) of these aldehyde mutants are also stimulated to emit light by long-chain fatty acids, especially myristic acid (23) . In Fig. 1 we present a scheme which accommodates the present knowledge concerning the different aldehyde mutants and the presumed pathways in B. harveyi. Those Ethanol alone in these amounts was without effect (23) . Figure 2 illustrates the effects of myristic acid and decanal on the luminescence of M17 cells during growth in liquid culture. Myristic acid was compared with decanal because it allowed us to distinguish between the activity of luciferase alone and the activity of an aldehyde-recycling system. Decanal added exogenously stimulates luminescence by its direct reaction with luciferase, and only this; it is not recycled (24). The C14 compound, however, either the acid or aldehyde (see below), is recycled via an endogenous reductase activity which reduces myristic acid to tetradecanal (24).
RESULTS
This experiment (Fig. 2) showed that the responses of the cells to myristic acid and decanal differed relative to each other over the course of the growth cycle. Whereas the aldehyde showed higher activity than myristic acid in the first phase of growth, the activity of myristic acid showed a dramatic increase relative to decanal during the beginning of the induction period and then fell again at the end of the logarithmic phase of growth.
If the acid formed in the luciferase reaction is similarly accessible and recycled by the same reductase system, then the same result might be obtained if the experiment is carried by comparing decanal with the C14 aldehyde instead of the C14 acid. Indeed, a similar increased effectiveness of tetradecanal relative to decanal during the period of induction was found (Fig. 3) . A further prediction is that the relative stimulation by the C14 acid and the C14 aldehyde should be invariant with growth and cell density. This was also observed (Fig. 3) .
To further evaluate the explanation for the differential responses to fatty acids and aldehydes and to different chain lengths, we utilized TSAS-F1, a temperature-conditional mutant that exhibits a wild-type luminescence level at 25°C but that at 36°C rapidly goes dark (4). However, its luminescence can be restored to a normal level by the addition of long-chain aldehydes (4), but not fatty acids (23) . A rapid development of luminescence also resulted after a step down from nonpermissive (36°C) to permissive (25°C) temperature, depending upon the time (relative to induction) when it was carried out. During the time of induction there was a prompt rise in cellular light emission (Fig. 4,  inset) , maximal at midinduction. The initial rate of this rise upon shift to the lower temperature is plotted in Fig. 4 . Also plotted is the in vitro luciferase activity at 37°C and luminescence of cells at 37°C upon addition of exogenous decanal.
At the nonpermissive temperature, luciferase is synthesized normally in TSAS-F1 but is not expressed, presumably because the endogenously produced acid cannot be converted to aldehyde (4). The (Fig. 5) .
As previously reported (23) , the in vivo luminescence response of the M17 type mutant to exogenously added aldehydes of different chain lengths exhibits two maxima, at C,,, and C14 (Fig.   6) [12] ). Ordinate, Percent maximum bioluminescence; results for aldehydes are given as percentages of the activity of decanal (100%); data for acids are given as percentages of the activity of myristic acid. same as the aldehyde dehydrogenase (see Fig. 1 The data presented may be explained if one assumes the involvement of at least two enzyme systems in the synthesis of natural aldehyde, one involving the formation of the fatty acid and the other being a reductase activity which converts fatty acid to aldehyde. The analysis of the responses of different aldehyde mutants to different-chain-length aldehydes during growth clearly distinguishes these mutants and their lesions (Fig. 5) . The mutant which is blocked in fatty acid formation (M17) shows clearly the induction of the reductase system by the existence of a period when activity with C14 compounds is increased. Those 
